INTRODUCTION
The prediction of transmembrane helices in integral membrane proteins is an important aspect of structural genomics. Several research groups working in the area of genome annotation, target-receptor isolation and characterization and target speci®c pharmacological drug design are interested in identifying membrane-associated proteins from primary structure. Computational methods have proved to be good and will continue to be one of the most ef®cient tools for the analysis of transmembrane proteins.
Transmembrane proteins are integral membrane proteins that interact exclusively with the hydrophobic tails of the lipid bilayer. These proteins either span the bilayer or are embedded near the hydrophobic polar head groups. The membranespanning a-helical domains are embedded in membranes by hydrophobic interactions with the lipid interior of the bilayer and by ionic interactions with the polar head groups of the phospholipids. a-helical composition makes up a signi®cant percentage of the transmembrane domains in these proteins. Most transmembrane proteins are formed from bundles of helices that traverse the membrane lipid bilayer and are known to be the most commonly occurring secondary structural elements in membrane proteins (1, 2) . Many groups of membrane proteins, including ion channels, toxins, antibiotics and receptors have a-helical structure (3). It was observed that over 30% of membrane proteins in known genomes are twisted into a-helices.
In general, the transmembrane helical regions comprise a region of 18 or more amino acids and most of them are hydrophobic in nature. The most abundant amino acids in transmembrane regions are leucine, isoleucine, valine, phenylalanine, alanine, glycine, serine and threonine (4). These amino acids together constitute almost 75% in transmembrane regions (5) . The amino acid pattern in the transmembrane region is usually GXXXG (where G is glycine and X is any amino acid), and is an important criterion in helix±helix interactions (6, 7) .
The available gene sequences are increasing rapidly with time and in order to analyse the large volume of database, it is always essential to have an automated search engine. To the best of our knowledge, there is no web-based database to identify transmembrane and globular proteins in a given organism available in the genome database. Towards this effort, several packages have been developed for identifying transmembrane proteins in genome sequences. By using a transmembrane topology prediction method, TMHMM (8) , genome-scale analysis of proteins has been carried out in this database. TMHMM is a program that predicts and characterizes transmembrane domains using Hidden Markov Models. This program depicts different protein sequence structures, including the helix core, inside and outside loops (short and long), helix caps (C and N) and globular domains. TMHMM can also locate and orient the domains (topology) with the membranes that they transverse. The program TMHMM used in THGS to predict transmembrane helices is more accurate (77±80%) compared with other programs available in the literature.
ABOUT THGS
THGS is an interactive web-based database to delineate between the transmembrane proteins and globular proteins of the organisms whose complete genome sequences are available in the Genome Database. It can also distinguish between signal peptides and membrane proteins using the prediction method SignalP (9) . Initially, the transmembrane proteins and globular proteins are computed using the program TMHMM and are included in the THGS database under different clusters. The proposed database (THGS) is developed in such a way that it can display the transmembrane and globular proteins for all or for a particular organism. In the case of transmembrane proteins, THGS uses different colour schemes to display the residues in the helices (red), cytoplasm (green) and outside the cell (yellow). In addition, the percentages of amino acids in different regions are shown in a graphical format.
UTILITIES OF THGS
The data are organized in a format appropriate for a quick search in the database. To speed up the computation, derived databases have been created and deployed for options like isoelectric point, sequence length and molecular weight. The THGS database provides several options for the user to search and analyse gene sequences of interest.
The following are the search options available for users in THGS: (i) display transmembrane proteins; (ii) display globular proteins; (iii) information about complete genomes; (iv) search using number of helices; (v) search using number of residues in a helical region; (vi) search using sequence length; (vii) search using isoelectric point; (viii) search using molecular weight; (ix) search using protein name; (x) identical pattern matching; (xi) similar pattern matching.
Different colour codes have been adopted to delineate different regions (transmembrane helices, cytoplasmic and extracellular domains). THGS has an additional feature for motif search in sequence and structural databases, when a query motif is submitted for search across PIR, Swiss-Prot and PDB. Further, the 3D structure of the input or the query motif, if available in the PDB, can be viewed using the graphic display package RASMOL (10) . The user can also extract the atomic coordinates of the motif or part of the protein for further analysis. RASMOL installation instructions are provided (see http://144.16.71.10/thgs/rasmol.html for instructions). The search engine THGS is available on the world wide web and users can easily submit their queries. In trial runs, the output page appeared in~10±15 s depending on the nature of the query and network traf®c.
DATA ORGANIZATION
THGS uses six different databases, namely, (i) Genome Database, (ii) Swiss-Prot (11), (iii) PIR (12), (iv) PDB (13), (v) 25% and (vi) 90% non-homologous protein structures (14) . The Genome database used in the present software has been downloaded from the National Centre for Biotechnology Information (NCBI). Figure 1 shows the output of the result of a typical search for the Mycobacterium tuberculosis H37RV genome sequence. It shows, for a particular hypothetical protein, the transmembrane proteins with the helical region sequences in red, cytoplasmic amino acid sequences in green and extracellular residues in yellow. In addition, a detailed analysis of the amino acid residues will be displayed in a separate window on clicking the button`More information'. This option shows a table containing information about the total number of occurrences and percentage of individual amino acids along with a graphical representation. An additional button`Signal Peptide' predicts the presence of signal peptides, if any, and the location of cleavage sites in a speci®c protein sequence.
CASE STUDY
The option`Analysis of transmembrane proteins in the available GDB' (Fig. 2) displays the complete information about a particular organism of interest. Figure 2 shows the information about M.tuberclulosis H37Rv. The graphics panel shown in Figure 2 can be displayed on clicking the buttoǹ Graph' provided at the end of the output frame. A sample of a typical search for a conserved structural motif (KMSKS) in the superfamily of nucleotide binding proteins in all the genome sequences available in the Genome Database (®gure not shown) is outlined here. This particular motif has 22 matches in transmembrane proteins and 803 matches in globular proteins. An additional option has been provided for users to see the occurrence of the given sequence motif in the other sequence (Swiss-Prot and PIR) and structural (PDB) databases. The same sequence motif`KMSKS' occurs 419 times in Swiss-Prot, 386 times in PIR and 39 times in PDB.
The above outlined database provides several useful utilities to users working in the area of structural genomics and functional proteomics. The databases used in THGS will be updated from their respective primary servers at regular intervals and hence the results produced by THGS are up to date. New features will be added based on requests from the scienti®c community around the world. Users of THGS are requested to cite this article when referencing the database. Questions, comments and suggestions can be sent to Dr K. Sekar at sekar@physics.iisc.ernet.in. 
